
:.
z

.

-.

-.



*
Q.



(iiil[’,llosti(”  (jll;  illtit~’.

‘1’liis stll(ly is lltoti\’ti{(cl  ill ]Ii{lt  l)y’-~l::( (Ji IIlll)loic:ll  IIio(l(ls  ilI :i<Sj]llil;lt  ill/: s;it(llit(

;Il{illl(’tlj’ (l~it~l  illl(l (’?:iilllill(’$ tll(’ II fltlll(’  oflilT{  l,(’S(”ill(>  t(’lll])ol; il \’{iliiil)ilitj’ of’tl  )(” /\lol)  ill

()(”(’;111,  lvitll  ))til [i(lllli? ;:tt(llti(~)l to S(’; ; 1( ’\’(’l. Assi)llil~ltioll  is ill  (ss(II(”(’:I!I  ill\r(JS(l)l (l])

1( ’111, ;ill(l ]110])  (’] Clltilll(~(’  ]i7:ltioll of” ;ill(l  illsi[j,)li  into  OC(!/ill  ]}llysics Ctll}  11(1])  j’ii(’ilit:t(’

ill{  (stil[ltitic)ll  ]Jloc(ss  l)y iii(iill~’,  i]} tlt( (I(sif’,11 (If’ ill] (fl”(’(ti\’( ilSSilllililiioll  S(”ll(’]  11(’. 1$7(’

ill\’(”Sti/’,ilt(’ tll(’ (]~1(’stioll or \\ ’ll:lt llJl(l(’llj’il  l{’, cil clll;l{i(~ll l{ll{l,(-S(”ill(  S(.il  ](\’(] (.]liill/;,(S

1( ’jl(’(”t.  Ilii\(’(1  01] ;1 silll])l(  S(”; iliJl{: ill~),tllll(’llt, i t  (“iill  IJ(’ Sllol’S’11 {11;!{.  S(’ii ](’\r(.l to fil-s[

il])])loXilll:ltioll”  IC’fl(’(”ts  cil (.~ll;ilio]l  of {11(’  (’lltil(’ V,’ilt. (’l (.(~11111111 :ilI(l IIot s]~l f’;ic(. cil clll/I

li(ul illoll(” (l’(’(ll(wl; y, 198’/).  l;O1 iltstilll(”(’, ):~n’l ?il  I(l l\fl(llo]  ( 1  !J{)’j)  :11111 oscllli(s {III(1

l~)ill(:l)l  ;111(1  (1{~<)6)  llii\’(’ (1( ’llloll SIIiit(  ’(1 (li((ti\’(’  :Issillliliitio])  of illtilll(’t l)’ (lilt)il  ill {11(’

(~~llf’  S{ I(’ilJll  1((’,j(nl  ])~’ tiw~llllillp,  {]1{]1  S({I  ](\r(]  \’/lljii])i]i{j(s l(fl(c{  C] I; II I{I,(S i]) SII1)SIII

fii(”(’ stliitifi(;ltioll,  ill ]Jiilii(”(!l;ll  11}( lII()\’(lII(lIt  of” tlI( tll(l;ll(wlill(. IIt C(,)])]):ilisc,ll, (Jill

. .
illl(l Nll l(’) (1{) ’(’3) S{lf ’fl(’.S(S tll[lt S(’ii<oll}i 1 C~Cl(’ of S[’il l($\’(’l [It ]I]i(l- to  }li{lJ1- ]iititll(l(’S  ;il(>. ,

(]11(’  ])1 illltll’i]~’  to {1 ]OCii) ]):1]{11)(”(’  ])(’t\\’(’(’11 ll(’ii J Slll~jl(”(’ St(,lj(. (.]lill Jf~(S  ~ill(l Slllf’ii (’(. 11(’ilt

fillx.  011  tll(’ otll(’1 )I:ill (l, (~lliio  illl(l  1’11  (I{)il{l)  f’ollll(l Si{),llifi  Ciillt  (“olJ”(’liltioll” 11(.tit’((11  S(.,iJ



‘1’11(  IIJ()[I{’J Ils(xl j]] t))is stIl(lj’ i s  tlI( Aj[)(llllii]  ()((;ITI  M{)(l(] v(lsio~l ].()  (l(\r(]O1)((l  ]Jy

1}1(’  (;(’()))11)’SiCill  l;’llli(l  lJ~’Jl:ll  lli CSl,;ll  JC)]tltolJ”  oftll(’N titioll;ll”  ()((’illlic;  llld At Itlos]~ll(7ic

II(lltlil)istl:itioll  (1’ilCilllo\\’Ski  (’t i\l., 1 { 1 9 1 ) .  ‘lll)(’.  lllO(l(’l  (Iolllnill  (!xt(’ll(ls  ()\Jc’1  111(’ wolld

OCC~lll f’l(ull 80”S to 8[)”N \+’itll  /i Illlif’()]111  s}):lii:ll 1(’w)l~ltioll of” j~c’ loll{:illl(l( :111(1 ]C ’

l;;titll(l(. ‘J’]](:]c [i]c 12 ]’~]ti~til  l(\r(ls  (’1’;  ;1)1(: 1 ) ,  wltic]l  ~11( Cllc)s(’11 {() C(lillci(l(  \\ ’i{l) tlIe

illfl((.tic)ll ])();llts of tlIc c.l(’\’cJItl I Iliiloclil}ic  lIlo(lc of” ll(ni71c)llt;ll  v(locjty  cc)ll(:s])ollclill{l,

{() 111(1 IIIC;III  t(vll]](l:ltlll(  s:ilillit~’  ]Jlofil( oj t)l( {I,IOIMI1 (J(({III (l J(>\’itlls,  1982). (’1’) I(:sc

(1( ’])tll S ill S() 1011[’,111)” CO II[’S])OII(I”  10 t)lo S(” 11 S(’(1 l)J’ Ill J’illl  (’t 2L1. [1{1’i{)].)  ‘J’l,(,  (]iiti\r~.1~

C(Nlls(’ lcsol~ltiml  W’s+ CII(H(’11 so ;I< io f’:1(.ilit:]tc  (> X])(’lil ll(’lltiltioll (sillllllatic)li :ITI(I) lilt[’1,
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3.4  Vcrtica] St)rllcturc

Itl is il]structivc  to cxalI1ilic tll(: va tics) stnlctums of tlIc tcln])oral  clIzlII~,cs  so as

to f’IIItllm diagliosc  tllc dy)lalIlic  ]!;~tulc of sca lC.VCI varial)ility.  (SW A])J)cl](lix fm IIOW?

t i l e . s c  cl[’cc)l~l~)c)sitic)l]s  aIc ])cIfollII(:(l. ) IIcat- flux d]i~wl  va]ial)ility  is laI f,dy  dllc to

cllml~;  cs llcal”  t!llc! Sul”facw. Piguwl]  sl]C)\\s\  'tlIi:ll)ilityi]J  stc Iicsctil  c\~cl(l~lc  tc)cl]:il]<l,cs

i]] tlIc to]) two lwds of tl]c II Iodcl, ‘J1lJC ]Ic:II  sulfacc  te]ll])(:l:ktll]c  aIId sJi]Jity cl Ia]IfI,cs

(1’’ip,urc  11 ) accoul)t for IlcaIly till tlic l}cwt flux il]duc.cd sca low] va]ial)i]ity  (1’i~,um  7a).

A]l~llysis of’ wi]lcl-d]ivc]l vari;il)iljty is ]I]ost rmwliIIs I)y sc}m]ati]]g,  lmrot]q)ic  c.(m-

t]ilmtio]]s  fwlIl l)aloclillic.  c.lIaIIgc.s. AltlIoII~)I vi~li:i  )(11 ‘ tolq,la])l~y  aIIc{ l)c>lllillc?~litics



. .

lllal:;ills  il] tcIn]m Iatc  latitudes. ‘J’IIc latitu(lillal  sc])aratiml  that, dclil)cxitcs  harotro])ic,
. .

and I)amc.lllllc.  dmIllllallc.C  Oc.c.lll”s I)ctwc(’11  ?OO to 3 0 °  frolll tllc  lk]llaiol’.

‘J’]lisslJati;\l  cliflt:]cllc.cc)  fl. )alc)tlc)j~  jczil~(l})al  c)c]il)icclc)ll  liI)allccc)fsc:l  ]c\~c]\~aIial.)j]-

ity laIgdy  cx~~lni~]stl]c  latitlldil~al  clt’IjclI(lclJc.c[>ftlIe slla}wof  sca lc~’cl>sf~ccl~lcllc.y  s}lw.-

ha SW.11 earlier (’Figuw3,  4). llEilc)clillic.\  ’tlli:\l)i]itj~  js cl)alac.tc~i7j(:cl  by IC)ll’-flccl[lel)c.ics

Wit]J ])(!l”i[)ds  tJ’])iCd]y  ]oll~C.1”  t]l~ll) 1(]() d/\~S  \!’}1(’l”UJS  ]Jig]l  fl’U]ll C1l C~ C}l?l  IJp,(!S dC)lllillilt,C

l):ilc)t]ol)icf  lllct[lilt;c)llslvitl]  })c.lio(lscvclJ  sllc)ltc.ltl);il) 1(1 days (lri~,uIc12 d). Su])])ort-

iIl~,c\ri(l(>llccfoI tllccxist<cl}  c.cc)f sucl] 12\l~,c-sc.tllc )lli~,llf  lc\(l[~cIlcy)  l)iJlotlC)])jcf  lllct,llatiO1ls”

C.;IIJ  lK! follll(],  foI’CX<lIJl])]  C>”  ill  hottolll  })lcss[ll’c  lIlei\s[ll’c.ll  lc.llt’s.  1+’cmil)stallce  }Iugllcs  all(l

,$1 JJit]l  SOIJ (]~~6) S]JOW [Ill CX2i  IIl]k’  (){1’C.IIIII1”]<:LIJIC  (W]lC.  I’C’llC. C ill ~Kdt OIIl  ]H’CSSIII’C!  olr(!l” :\bo

]:1 Jl ilJ tllC %Ut]J A t l a n t i c . .  ]{hllMlllks  (1993)  i]] UStl”:\tW+  :ili tWIII)}d  C [)f C[dJCT(’llt  lK)ttollJ

l)l’csslll’(!  ol.)scI’\~:ltiolJs”  o\’cI” ~~()()()  kill ill t]l(!  Ilo~”~)l  ~.~ljtl~i]  ]) JiC.ifiC, \V]Ji C]l  al(! ColJC]?It,C’(1  to

alJJIOS]IIJCI-jC  forcing  (]jut]lcl  C( a]., ]{){)()).

1 lifklwlccs  i~l latitudilla]  stluc.tlllcx of b?ilot ro] )ic. aII(l lmloclillic.  cliall~,m arjsc  flwlJ-l

})1’O})CI’t,iCS  Of WiI1d  fO]CilJ~  ~111(1  t}l?lt of OCC?III  (]~Il?lIIliCS, }pi~,llrc.  13 sllc)\\’st,llc.tc)tiil  vali-

:IIJCC! ;lIIC] fl’C(jll  CHJC~ Sl)(!d]’:i  o f  V.’il]d  s~lC!$S  Cll I”l. Iralial)ilitics  of Ivilld stw.ss cull  alc

lar{;cst ill hig]l la{itudcs ,  ~lld is ]l(!tll”]~  W]Jit(! ill fI’C’{]llCllC.~ S}) C!CtI’2i CXCC’.]){  llCXI1’  t]JC

e q u a t o r  wlIcJc it<  i s  sligl)tly  IJIWC Id, ~’]l(! lCS]KMJSC  O f  t]JC OCC?LI1  tO  CllWl~CS iIl CXtCI’-

IJ;l] fOI”C;ll$>  dC])Clld S to tl ]?ll”/,(’  CXt  Cllt 011 t]l(: ]) I”()])Cl”ti  CS o f  t]lC! ])]:llld,~l”~ W2L\rCS  tll:it

ccl]] ])l”o]mg>ak  Cllcrgj’  a w a y  fl’oll J tll(!  fol”ch  J~, al’ca.  1 1 1  ])aliicular, ] h++b~  \\’?lVCS  ]J ~\’(! ~

lJlaxil J]llll  J fI’cqUcl)C.y  W]ICII  70]I?I] 1~’av(’ ]uJfit]I (’(lu;I]s  t]lc ]{ossl)y ladius  t,i)l)cs ‘2n, ]’01

lmmc.]illic  waws, tile dcforl]]ailiml  radills  js t~q)ic.al]y  tcl)s of kilmnctcrs  at, lj)icl-lz~titllclcs

wl)jcl) i s  IJIIICII  SIJJall  Cl tlJall  WIIZJt tl)c  ])lcsclIt  lJJodCl  r e s o l v e s ,  wliic.lJ  i s  al)out  2000”  kIIl

(~])]  )1’OXiIJlfitC]y  t(!lJ tiIJJCS t]lC ZO1lH] IW()]llti()ll)  , ‘J’lIus  tllc  ]I]O(ld)S I)a)oclil)ic.  ms])olJsc

]lW ?1 lI1~XilJIUIJ”J  fI’C(]UCllC.~ did?lkd  by  lJJO(]C]  l’CS(dUtiOll, ‘J’lIc  Imrc)tm})ic  lkxshy Ia-

dius, 0 1 1  tllc  otl)m  lIaIJd) i s  lar[;m  tlJall  tlJis  lIJodd lilJ]it,  all I1ost c{’cny\vl  IcIc. l{’igum 14

S] J[)WS  t,]JC! lJlil Jil Jllll J) ]KTid C)f fI”CC’  ))];lll(!t?ll’~  \\r2iVC!S  t] J/it t]JC! IJJOCIC] C.ZIII I’CSO]VC,  ZIIIC]

tllc c.c)llcs])c)llc lil)p,\~ali2ilJccc)f wil)d stlw+s Cnll] wit]] ])(lic)(lslc)lJg,cItllziIl  tllisli~nitl  t]lat

aw rcs]mllsildc  for drjvillg  t}lc  rcscdvcd WIVCS. }(bl”c.jll$;  Of h~l”OC]iIJ;C. ]~C)SS~)~  WIW!S ~JIC

]ilJ)itCd ])l”ill’J~lI’i]~ilJ  t] JCtl"()})iCsC]  Cs])itCtlJ C]~lI`~,C\'~l  "iil~)i]it~iIJ  Will(lSZJt }lif,lJ ]at,;tll[](!S.

lk!c.ausc of tllc  w i d e r  fl’(:qucllcy  wil  J(lmi’ tivailal.)]c  fol’ h: JM)tro])ic  ])] WJCt/ll”y  W a v e s ,  i]JC

S])[l{,itl]  diStl’ibllt,  ion of b:ll’O@)iC  fC)IC;llp,  iS Sil Jli]~I’ to t]l(!  tOt~l fO1’CiIl/,  (]{’iF;U1’C ]S) ~lJd

i s  larg;cstl  at IIigll  latlitudm.



‘\

])]Iasc lag (I]ot  slIou’11).  11] C.oll)])arisoll , cdlclrlIcc  I)ctwcw)  tlIc iwo is oIIly lIlal~,ilJally

sigllifjc.flllt,  alo IIg, tljc occaII li(lgcs at, 1 ()- days u’lImc tllc sca level Varial.)ility is lar?,c.

‘J”llc  lcgicnis  of sigl]ifica~lt  COIICICIICC aIC ill Ioll~J~ ap;mcll)m)t wit]] tllosc WIICIC tl)c illtl-a-

scaso IIRl, larf,c- scale sm ]evcl vtlriabilit y cal I h cx])laillcd  to soIIIc cxtcllt  1.)J’ tl]c lillcar

I)alotlol)ic  vorticity  dylJalllics  (Iru al]d 1 lavidscn),  199[)).

1 ,cilmld  ( 1 983) cxalllilld  dyllalllic.s  of a rcsollallt  Immtrq)ic rcsIm Isc ill xcgiolls

o f  closed j/ IJ co] It!oul’s, suggest, illg  a l)alaIIcx:  I)ctwecq]  vorticitly  ill] )ut l)y Will  cl-s tlrcss

:111(1  cl IaIIgc.s  ill re la t ive  vdicity  wit]] a fdl)ac. k l)y tl}c  1 )alc)c,]illic  Imtt,o]]l t,o]qlle..

IIowcvcr,  lmxlictcd  ]miocls  of suc.11  osc.ill~~timis  iilc ill tllc ral Igc “of [)() days to SCVCl”ill

ycal’s, alIcl  i s  II IUC}I  lcmgcr  tllall t}lc  ~wcscl}tl varial)ility. 11] ticlcliticn]  l,ci}dd  (1983)

])ledicts  a 900 ~)lIasc lag hctwCCIl  sc[l low] aIId wi])cl strms cur]. II]stcad,  our IIIOCIC1’S

barotml)ic  IcslmIIsc in tl]c ]Icllilqy+]liluscl] Al)yssd  ]’l}~ill  IIIay bc CIJhaIICCCl by rcscn)allt,

]iossl)y  wzivc lmsi)l IIIOCICS. Por a silll])lc rcctallp;ular  Imsill wit]] cast-west HIId IIoItli-

sout,l] clilljcl}siol]s of l,] aI)cl 1,~, ms])cxti\’dy, frqualcy  of Slldl  ]cscnmllcc  i s  givcul  I)y

(Willclmal)(]  d al., 1 980),

1()
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3.6 Wind-l) riven IJarc)clinic  (Uhangcs

Slwc.tra]  analysis  s]lmvs tl]at  t}lc Illo(lcl’s  wind-  dlivcll  haloclil]ic  sca ]CWC] variability

is dollli])atcd  hy tllc a]]llual IJar]nc)]]ic  at ]]]ost locatim]s.  N’igurc  1 h SIIOWS t}llc xqns c)f

sw ICWCI at tl)c a]l]]llal  luicd,  wl]icll is lItirdly  {listil]p,~lisl)~]l.)lc  frwn  l“i~,ulc 1 21.). ]ViIld-

dlivm) l.mmdillic  sea led dlallgcx am gmlmally lar~,d l.wtwcml J 5 aIId 20° o f ] ”  Il]c

}’lcjlIak)I IatlJm tlIaII witjllill  tllc cqutitorid  wave ~uidc. ‘J’llis  sllggcxts ~)loc.csscs  otllm

tl]all cquatcmial wtivcs as tl)c. ~~rilllaly  ]Ilccl)al)islll  ul]dcrlyi]lg  tl]csc clla~lgcs. 111 c.o])triist

tile total  varial]cc  of baloclillic  sea level w’itl) ] miods lmtwcmi 1() a]ld 100 days (1’’iglllc

1 61.)) is lnaxill)llln  alol]g;  tllc ]’;quatol ducidatillg  tllc ]JlolIlillcl~c,c  of ]{;qllat,olja]  wa~m

at l]i$,llcl flcqumlc. ics.

1 ‘]atc 4 SIIOWS col]oa]c.c  allcl  ld]asc bctwcml wil)d-drivcnl  baroclillic.  sca level al]d

m’illd stress curl at tile aIIIIUal ~miod ill rcp,icnls wl)crc t}]c for]l]cl  is large (1’’igum 1 6).

(~cl]crally s]wakillg, ])laccs of la rges t  variallcc llavc sigllifical~t  COI,CICIICC  l.d\vm,l  SCM

lCWC1 aIJd local  ~villd stress cur], such as a]mi{; w 18°N ill tllc ]’acific. a]ld w 18°S i]] the

IIldiall  OccaI1.  111 tllc.sc rcgim}s, sea lCWCI leads  (lags) willd  stress cur] l)y 90° ill tllc

]IortlIm J (scmt]]cm])  IIclnis})}lclc  su:,p,est ivc of wil)d- drivm] ]da IlctJary wave cly]mnics.

ltcgiol)s  Wllcm COIICTCIIC.C  \!’it  11 m’illcl stIcss c.uIl is Iiot sigI~ific.al~t  suggcxt,s  dyllalllics

otllcr tllal~ local  wil~cl stress  c-ml to }m ill]]mrtalit, SUCII as ])lc)})?l~,~ltil]~;  wa}ws fro II]

rclllotc  locmticnls. l’latlc 5 sl)ou’s cdlclulc.c  at, tllc al Illuiil  ])cric)d bciwcclI Lame.lil l ic.

Sc!tl IC!vc!] at, 940 w 9° s (astcrlsk)  > W1 lC.I”C.  C.OIKTCH lc.c!  l.)c!t’wcm  1 Scw lcwcl  aIIcl wil](l  stress

curl is low (1’ la te  4A), a])d scxi ICVCI at otl]m locatic)l]s. A c.l)~ilzlctelistic  arc of lli~ll

c.ol]crcn)cw is fcmllcl  ]JcaI 94 °}47 9°S a]ld a]oIJg t]lc cmstcnl  ~wuI]dary c)f the h’mtll a)jcl

%llt, ]l ] ‘a Cifi C. al]d dCM]F,  tll C ]t(]UZitO1’ ~d,WCKIl ] ~OO\$T  WJd ] ()()C’W. ‘] ’]lC! ~)hM! ]CWICIS tll;it

at 94°w 9°s akmg tllc! E(platjc)l’ and ak)llg t}lc! cask]’]] hllldal’y  away frc)ll”l tllc Ecplatc)r,

suggcxtivc  c)f F,quat,cmial  waves (Kcl\’ill) itll])ilj~,illg  o]) a]ld rcflcc.tillg  fm)n tljc castcl  II

holll}daly.  1 ,argc c.cd]crcn]ce  is also fcmlld ill otllcr  locatiolis,  but tl]i:ir sigl)ificallc~  ljlaylj~

qllcstiol)able  givcnl tl]c rdatidy  sllc)lt cluratlicnl  of tllc sil]mlatioll. IIltcmstixlgly,  rc.gials

c)f }li~;ll  c.cdJcvulcc  ill Plate 5 gcumally  c.oillcidc with ]Aic.cs  of low C.ol]crcnlce  wit}) tl)c

local wil)d stress curl (1’late 4).

Furtl]cr il)sig;llt  il)to tllc cly]lalllics  of wil)d-drivcul  I.mroclillic  scm levd  cjla]gcs  can

b attaillc.cl  Ly dcc.cnll])c)sillg tlic ]Moclcl s t a t e  into  difl’c:rcn]t baroclil]ic  ]IIOCICS.  TIIC

dc])c!lldc!llcx! C)f Sc!a ICVC!I (Wfac. c ]U’cssurc! ) ml bawc.li,)ic a*)o*~]alics  is *wi]na*ily CIUC to

cflt:cts  c)f clmlsity cl]al]~,cs tl)roug]l  the llydrc)static.  rdaticnl. Iiarcdi]lic.  vdocity  i]] tun)

12.
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is Idat,ccl tic) scki lcxd tllrougl] :;CC)StrO]Jlly)  l)ut olIly weakly as aIl illdcqwmckqkt,  ]~lc)gllcjstic

varial.)lc (A]qmldix)j mlcl tl]cndom  its cfk.ts arc IICi  cxa  IIIi IIcd I.)c:]c)w,

Alll])lituclcx of va’tic.a]  dis])]acClncvJt  WCK Cstilnatcd  flail  clJaIIgcs  of dcalsity  ilJ t]lc

~JuIdy  willd-cllivel~  silllulatiolJ  (scxtic)ll  3 . 2 ) ,  w) Iic.11 v’cm tlIcm CX] mIIclcd  ilJtc) difkralt

d~ll Zll I”Ji  C IJJC)(]W.  sill  CW C]CUISif~  dl?JIJ~;CX  II[>ill’ {]IC s i l l ’ f : i C C  ~lC! stI’C)l  J~;l~  jllf]Ll~llCXCl  ~)~ ]JC)I’-

i7jc)l Jtal advcctjicnl allcl  diaktic Cfl’c:cis,  IIczil- surfacx  (lis}jlaccllJcllts  ~vcrc Cstj]na{,ccl hy

]i]]car cxtra]ddicm  f’l”CHJ”l  WJUCS Imlow, ‘] ’]lC! kSC Of t]liS  CXtl”~])O]~tiC)Il  \YilS  C! StilJ”J~tCCl

k) k t]JC! 11(2211’  SU1’fidCX!  Ck!])t}lS  W’}ICTC! WIJ])]itllCkS  C)f t]JC! ]lC)l’iZC)Ilt2J]  VdC)Cit~’S  fiI’St  hl’O-

C]jlJj C IJJC)dC!S :11(! lJCilI”]~  CC)lJSt?llJt  (M’jt]liIl  90% c)f itS sUdt\C.C \rdUC), ‘J’lJCSC lCWIS WCTC

~;(VICV’dl~  t]JC?  SCXX)I1d  0 1 ”  i] Jil’d IIJO(~C] ]C~’~]s  tllJd l“C)U~]J]y  C. OITCS])C)IJC]  to ty])jCd Ck!])t]JS

01’c!r  wllidl  cc)l]vcxtivc ?lC]~UStlJIC!lltS  frcc]ucllt’ly  C)ccml’lcd  (Illixd  laym”). Sc!a lCWC1 dll(! t!c)

clif~cmnlt  }mrcdillic.  lIIc)clcx wclc ill tulIl  wtilnatcd  frc)ln tllc ilnl)lic.cl  dcllsity  c.lIaIIgcs  o f

t]JC SC!]) :WitC  lI”lOC]C!S.

lrigurc  17 c.cmI]mIxx  scm lewd variability clue tc) tllc first alJcl  sCcc)IIcl  lmrc)c.lil  Jic.

IIJoclcx.  ‘J’IIC filst  Imrc)clillic lIIoclC dcn~lillatcx+  tllc l.mlc)clillic c.c~lltlit.)lltic)ll  to sca ICW1

fluctuaticnls;  it i3CCC)UlJtS fc)r llJlldl  of tllc Zollill  StILIC.tUI”~ ill  tllc!  IIIdialJ Ocmll  (~ ‘ 2 0 ” s )

aIIc] t]]c hTr)A]J  ]’acific.  (W 15 °hT), as wdl tis t]lc.  ]lig]ls ilJ t]lc wwstcvll ltquatorial  l’a-

cific  aIJc] Atlalltic  oc.c!aIIs. ‘1’lIC  scxoIJcl  lIIoclC  is c.c)lli])aral.)lc  c)r  largm  tl]all tllc filst

i)l ~]JC! cmstcm]  trcq)iw] Atlantic  aIIc~ ~{;quatcwid  ]liC]j~ll  (kmIIs (h’jgul’c!  ]7c),  but t.]lc!ir

II]agllitudcx aIc rdativdy  sIJlall  (F’igum 171)).

‘J’lJC!IC]at,iVC  dC)lJJilJ:lIICC!  c)f t]l(!  SCU)lld  lIIC)CktC) th~fil’d  iIl t]lC!  C:CJU?ltCH”id  Atlantic

alIci llJclial)  OcczJIIs is cmlJsistaJt  u~itl)  c)l)sc:l~~fitic)]ls. ~’]JC  IJ{itU1’C!  C)f t}JiS  Clifli:rculcc  i s

])al’t!ly Clu(! tc) tllc! Aatil’c  IJlagllit,uck!  c)f fc)lc.illg C)f t’llc! sC!]W’ZJtC  d~l]W1’J;C  IIlc)clc!s as a

rcsultl  c~f gcc)gra]}lJic  cliflkrcn Jcxs ill stltitifictltlioll. MTilldfc)rc.il]p  is a])])liccl  tC)t]JCIJ”JC)C]C!l

[IS a bOC]y fcme at tlJC! to]) ]]”)C)st  lCW1 a]ld 7K!1o dSCW]JCTC. ~Jj&ll’C! 18 CC)IJ’J])~l’C!S  t]l(!

rdatiw lIlaglJituclc  c)f fcm.illg for the two barc)clil  Jic lIIc)clm Ly cvqmlJclilJ~  SUdJ  forcing

])lc)filci  lltc)cliflt:lclltlil  c)clcs.  ]lc)tl131-lc)clc.s2  ilClllc)stCfl  ic.iClltlyfc)l  cecliIl tlJCtlc)])ics,\\~]licll

i s  allc)t,}lcIICtisc)ll  fc)) t}le dcHnil)aIlcwof l)211c)clilJicCl  lztIJp;csill  low latituclcw  (P’ig;uw  12)

iIl aclcliticni  tc) the mlatiw aicngy  c.cnlkl]t, ill tllc ]{cmby wave bZIIJd  (Vj~,urc:  1 4 ) .  T]JC!

ratic) c)f tt]Jc twc) s}Icws  tllatl tllc scx-.cmcl lIIc)clc i s  lJlcm Cflicicllttly  fcmcwc] ill tlIC cxtstcml

tro])ica] Atlwltic  ?JIJC1  p,quzitc)ria]  ]l)cli;\Il  ~)c.cxiIls, ccmsistmlt  with  tlIC findings  c)f tlJ&

rdatiw stla)g;  Llls.
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3.7 l’:nergdics

‘1’lIc ~JIKXCdiIIg  smtiolls  zilialyzcxl  va)itibilitim  of tllc siIIlulatccl  circulatiml  i]) t,cmns

of  scxi lCWCI,  focusing  011 tllc dircc.t  ]dlysica]  lclatiollslli])  bctwavl  sm Icvd ;iIId illclq)cul-

dcnltl lIJodcl variablcso  IIowm’m, tll JClC: ;IIC a.sl~cxts  of tl]c cixc.ulatiml  tl}at tl]is relaticnl-

slli})  is olIly weakly dqw.lldcvIl  olI or il]dq  )clldmlt of, sucl I as baroc.lil]ic  vc,]ocity C.l JaIIg,CS

(A]}}~cl,dix). q’llcrcfc)rc, for CX)]II])lC(CJ)CSS,  wc shall hridly cxalnil][:  asl~cct,s of tl)c ],,ocIc1.

circulatjio)l itsdf ill tcml!s of its (!llclgctics.

l ’ l a t e  G cmn])arcx+  tllc IIIOCIC1’S de.])tl]  illtc~;latcd availab]c ])otcl)tial c] Jc)gy (A] ’E)

dllc to w’illd fcncil)g  ill diflt:mlt  dyl]all)ic  IIJCKICS. ‘1’I]c ~mitcm)  of tc)tal AI’H is sill~ilar

t o  that  o f  tile I)aroclillic sea lcwcl cl)al)~,cs (h’igurc  121.J) but, tile dative  IIla,g]lituclc

o f  t)lc scxm]d JI]oclc to tlic first is lIlorc:  significant  tlmll that  ill tl}e case o f  sca ICWC1

(l{’i,g;lllc 17%). Tl~is is hccausc  tllc sccol,d lmroc,)i]lic  lnode dis~)lac.ancu}t,s  l)avc o],])ositc

signs ill tl)c u])]m m]cl lowm water C.OlUlI-Jli)  wllicll lrlakcs tllcir  c.c)lltf]i}.~lltic)l)  tc) sca lewd

rc.lati\dy  s]l]all ill ccnll~)arisoll  to t]lc IIlc)dc’s cl]elgy c.cni{lcn]t.  F,llclgy-wjsc, tllc first  a~lc]

scccnld  JIJOd  CS a]c as ]]cally si~,llificallt  as cticl~ otl)cv’ ill tl]c tro})ics, Imt C!lsc!wllw”c! tllc

first Inodc!, allwit  sma]l ill 11-)agllitudc  cp~n}mrcd  to tl]e trcq)ics,  dmnillatcs  tile Al’It.

‘J’])c )noc]al clccc)l]ll)c)sitic)ll  c)f lllodd kil]ctic. CIICIgy (]{]’;) is SIIOWII  ill l’late 7. Ki-

IIdic mlmgy is do]rlillatd  by tlllc  l.mroc]illic  circulatio]l  in tllc Cclllatorial  legicn~, wit})

il]c.rcxlsillf;ly  ]CSS cx]agy  ilJ ]~igllcn’  bamdillic  lI]odcs  w)d away frmn t}lc ]’;quator,  Al-

tllcm~;ll  sm l e w d  cl]mgm  due to tllc Immtlcq)ic lllcde at IIlicl- m]cl lli.gh-latitludcx  wcm

cml)]mmlk  to l.mroc.li]]ic  sca lend  dla]lg;m ill tllc trcq)ics (IJigme  1 2), tlic actual  Klt

contolt  of tllc fcm ncr is rdtitivdy  sn Jal 1 mxn]mrcd to t] ]cw of t,l )e bad ini c Ykjuatoria]

flue.tuatiolls. ‘J’llis is ill ]mrt clue tc) tllc latitudilla]  dqmIdmIcf:  of tljc Ccyio]is ~mIaInc-

tlm. Ye%, as fcu scm lcwcl, lc)cal  I{E is dolni]]atccl  by harotrcq)ic  cixc.ulatic)ll  at ]atjtuclm

}) C~OIJd 20° of the ]k]uator (\~7i]]ckmd  d al., ]g80),  W]lC1”MS  &U’OC]illiC  C]lEiIJ~C!S ~1”~

clo~l)il):illt  witllill tile. tlq~icx.

4. Summary and C~onclusion

~llarad)cxistics  c)f large-sdc  sca lcnwl  variabili ty frolll ]miods  of clays to a par wcm

al Jdyzd  cnwr tl)c p;lolm]  cxcm) bad m] l]ul IJcric.al  shnulaticnls  a]]cl Ccnn}millg,  as~w.c.ts

of it wit]] !J’OI’ItX/l’OSF,II  )ON a])d tic]c  ~augc IIJcasll]’clr]cJ]ts.  Sa]ic]lt  gcmgra])]]ic  vax’i-

al)ilit$y  c]f C) C. C2JII dyllalr)ics uIIdcrlyi IIg SCM lcvc] fluctuatic)lls is rcwcmlccl  by dc.c.o]ll])cxixlg

II ICKkl rcsu]ts jl)t,o difltxwlt  causal  cfllxts  aIId s]mctral  (frqum]cy aIId clyl)alnic)  IIJodcs.



At IJlicl-latitudes, lar~,escalc  sea ICVC1 v~lrialjility  is ]Jrilllarily duc to stc.ric cllaIIg;cx

wwociatmcl  wit]] tl)e scaso)la]  llc.atill~;  al)cl c-ocdillg  cycle. ‘J’l]cx ChWl&!S  ?lI’C!  C.CMIfillC!d  tO

tll]eslllftlccl ayc]sc) ftl)c:l]lc)clcl  allcl  clc)lJ-lill/ltct  lical)ll~lal  cycle.  Ill Cc)lI’ll)aIisc)ll,  cl]allgCs

ill tile trcq)icx al)d higl] ]atituclm arc II]ainly  wiIld-clrivcul. ‘J’his is due, to tlw wcmk

scmsc)lIal  c] Ial Igcs of tro])ic,a] II Cat flux alIcl tc) tl)c slIIall tlllcmnal ex])allsic)lj c.cmfi’ic.im]ts

at lligll ]atlitudm,

‘J’hc uat,urc of  willcl-clrivcm  varial)ility  itdf ml]ihits a stIcHl~ latit,udillal  clqKxl-

dcvlcc.  M7il)cl-dlivaj  cl]a]lgcx arc la]g;e]y I.)}lroc.li)]ic  ill tl]c: tlo])ics  but, l)amtlo])ic  ttt,

lligllcr latituclm. ~’llcxc Mflcct tllc latitludillal  dq)cvJdcuIcc c)f tile (~cnio]is  lmralnetcx.

a]ld tlllc rchtlivc  cmcxgy ccnltcxlt  of willcl  stress cur] ili tile rml)cxtivc  ]Ja])ciary wave

flc(lllcllcya  llclv’a\’cll  llI1-]l)cll.)  allcls, l“llltllclall  alysissll  o~$’stllat  lliiloclil)ic.c.  llaligcsale

dmnillatcxl  by t]lc a]lllua] }Iarlllcn)ic  of tllc first  balcxlillic  ]IIC)CIC allcl is largcxt ofl’ t,l)c

Fkluator.  Var iabi l i t ies  assoc.iaid  witli cxluatorial waves arc lIIuclI sInallcH tllal) t,}lcsc

c)f)~cxluatjcmial  scascnlal baIocli Ilic acl~llstmmlts.

Wi)lcl clxival barotrcq~jc  clIal]gcx cxllibit  a Ilc)tahlc al}lallcmnaltj  cwer scvc!ral  abyssal

}~laills  i]] tllc %)utl~cml  oc.c.a]), 'J`llcsc. rcgi()l]s, tllellcllillgslla~lscll  Al)~'ssall'laiIl  in ]mr-

ticular, alcscll-]i-ellclc jsccl\$’itll  (list.c)lltilllliticsill ])c)tc~ltial  vorticity  that  allcnvrcscnlal)t

]dallctary  wave ]JIcxlcs  to exist. Otl]cmvisc,  barotm])icsca  lcwcl  Cha]lgcs are typically

do]nillntjccl l~ylligl]  flcclllcllc  icsu’itl)  aslnucl]  as})alf’tl}lc  tc)ta]  variallc.till ]mriocls sllorilm

tllall 2(I clays, lcflcctillgtlic~,c])clal  frcxlualcy  s]mc.tla of u’illcl-stllcsscLlll,

‘J’I]c ]nc)cle]’s  frcclualcy  s]mtxa  wcvc SIICNV]I  to Iw clualitativcly  silnilar  tc) altimciric

WIC1 ticlc gaugc )l)cas~~rcll-)c!lltjs, F,staldislli])g reliability of otllcr  as]mcts c)f tllc ]nc)clcl  is

)Ic)t t r iv ia l  as obsc:rvaticnls  wit]] cmI]]mraMe saln~)lixlg  am IIc)t rcmcli]y av~ilable,  YITUIJ-

SC,II (1996)  has rcxc]ltly cxalnillcd  tl}c issue of vmtica] l]]cdal  clccc)ll-]])c)sitic)ll  c)f oc.cmnic.

valial)ility  bascxl 011 IIistcnical  ]nc)cmxl curlmit  IIICtm data. ‘J’otllccxtlalt)  IIlotimls arc!iu

gccmtlro})l]ic  bala]]m,  surfacm vc!lcxitics am Cc]uivalc!])t  to tllc slcqm &f sm lcxwl  aIIcl t}]cw-

fcmctlle  t\vc)st~lclicsa  lecc)lI)~)~i~al)lc. Altl]ougl] rmu]tsat l)ig~l latituclm  amccmsistcmt

I.mtwcml tllc two, a cJllt~lltitati\’c  statcnllcvlt  is difficult to Iilakc. l)ifl’cmllces Mwuvl

c.urm]t  Indm data m]cl tll]c ]msmlt IIloclc]  sil]mlatic)l)  call lm due tc) cc)lltlil.)lltiolls  f r o m

ll”l  C! SOSC.dC! Ccldim t!c) tllc fol’ll”lcl’  but wllicll al”c absc]lt  fI’cn I”l tllc!  ])1’c!sc!llt  Stucly.  }klddlC!I’

systal)atic  tcxtillg c)f the  II IC)CIC1  i s  rcxluild  tc) cxtablish  t}lc qua)ltitativc  mliahility  c)f

the ]mxcnlt results,  At tl)c sa]]]c tilne “ “ “
. .

, clualltflfynlg  cfIcmts c)f ]nisslng;  II IOdd Idlyslcs 1s

cxsm]tlia]  ill ])crforlllillg sud]  c.c)ln]mrisolls.
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‘J’lIc }JIcxIIt, study suggcsts  gmglald]ic  variatimls  ill t$lle Ilatule  of’ sea Icvd  variabil-

ity of tllc global OC.CaIl) wl)icl) ill tllrll iIldicatc  difl”ic.ulty  ill dircxtly  illfcnIil)g  circ.ulatlioIl

fl’olll  SG=I  lcd IIlcasurc’lllcllts  [ilc)llc. ‘J’]l(!l”(l  is 11~ Ullifo]’l)l]y  Fl])])]i  CZll)lC!  ~)oiIJtWriSC!  CX)I  I’C!-

s])oIldm  Irx L)dwcnl  scm lCWCJ  aIId il]sta)lizi]l(:c)~ls  cilc,ulatiw] at clq)tl). AltJ)ou~,ll  smm

mlatlicnl wit]] latit,uclc mists, it is strol)gly  Illoclulatcc]  by  tllc Cfl’c’c.ts c)f ccmsta] gcw]lI-

ctry,  bchtlcnl)  tcqmgIal)l  Iy, aIIcl stlatific.~itic)ll tl)atl  rcmlt ill stl ol]g ill})c)llic)gellcitics  allcl

a~lisotlrcq~y.

WIIat  l]as I.NCII  a]]alyzcd I]uC is tllc il]stallta]]cwus direct  forward ])llysical  m l a -.
tiollslli])  l.wt)wmn  illckqmlcicvlt  ]wcyy)ostic  lI]c)dcJ Varial)]cx al)d scm level,  II OWCWCV, c)thcr

] )Ilysic,s  call bc l.)0111  U]JOII  tllc  ]) IoblclII  of illfcrrill,g Cilculatic)]l  flmll sca level  Ill CaSUW-

11-lcnlts. Fcw illstallcc,  tcl]]]mral m’oluticm o f  scm lcwl  ccnltaill  additicnla] illfcmnatioll

rq, ardillg  tl]c ullclcvlyillg  tlllcc-clilllcllsic)llzil  c.irculatiml , which lias ]lot bum adclrcssocl

]IC’I’C, ‘J’l]is  is a ])1’oh]c!III c)f c)}.)sel\’ti~.)i]itJr,  aIJd SUC}I illferc!llcx!  is CUIC of t]lc su~.);mts al]d

] )ur])cEws of assilnilaticjl]. ‘J’l]c  ])rmellt  analysis  ]mil)tjs  to a II)i)lilnuln  set c)f clyllalllics

llcvxssal’y  to rwsc)lvc t}jc clc)lnil)allt  variabili ty c)f sca lcwcl a])d tl]us t,c) illv~rt  it,; ‘J’llese

arc  IJCZII  surfacx  stlcxic  cff’c:c.ts  allcl aclia$atic.  first, Lalcdil]ic  allcl barotrcq)ic.  c.ha]lgm ill

C.ilc.ulatio]l.

}“illally, tllc ])rcxcxlcc  c~f liigll freg[lcl]c.y balotrcq)ic  sczi level variability at, IIigll

latiiuclm  ~mscx  a ])c)tcnltial  salll})lillg ])ml)lcm ill allalyzillg,  satellite altilnctl”y clata.  ‘.I’lIC

Nyc]uist  frcc]ualc.y  c)f ‘J’ol’kX/1’OSFXI)ON  is 20- days w}]ich is larga tllall the c.cv]tral

]xriod of SCXI lCVC1 variability i)] )]]a~]y rcgic)l]s c)f t]]c Scmt]lcnj  OCCaIl,  Altilllchic.  data

arc frmlumltly  ]Jlalqml  c)ljto regular  glicls for mltdysis by intcq)c)latillg  along; -track data

i]] s~)ac.c  a]]cl tilllc wllic.11  c.cmld  ]wtaltial]y  alias tllc alcq;ctic  lligll frec]uw!c.y variability.

‘J’l]c ])rmcxlt study suggpts  that  al)alysis a]]cl tllemfolc:  assilnilatiml  is best ~mrfculllccl

usil)g almlg-track  rat,llm tlllal]  s ta t i s t ica l ly  II Ial I])c:cl  data  k) avc)jcl  SUCJI  ~) IC)l.)lCHI-lS. SUC]I

C’.fkd  iS ]H’C.SCU]t,l~  UlldCTW~~  :11 IC] will  }W l’C])CdcCl dsCW]ICTC.  ‘

IG



‘ .

lJIIdcr  t]Jc!  r i g i d - l i d  a])])  lc)xilslati{)li,  Illodd  sm ]c’vd  i s  c!vduakc]  frc)III surface  ] )ICSSIIIW

a~,ai  Ilst,  tlJe r i g i d - l i d  using  tile  l)ydrostatlic  lrlatim)slli]).  WI sur~dc.c ])rcssulc  iIl turn is

coIn])utecl  diagllostic.al]y  flmll tile. lIIodd  ]~lc)gllostic quatic)]ls.

III tilllc-stc])})illg  tlJe lIIodCl, ma suIftIcc ])IxHIIrc (]~(())) is ty])ical]y  dilniIlate,cl

fro]]) tl]e ]wogI]ostic  illtcgyaticnl  l)y solvil~[:  t]~e  clq)t]l  clq)cllclcl)t  (balc)dillic.)  aIIcl llIe

dq)tll avaagd  (1.motrc)])ic)  ]mrt  sqmr;itdy. ‘J’I)c dq)th dqm]]cb]t  ])1’CSSU1’~  m]cumdy

(]~’(~) = ]~[z) -  ~])(z)~~z/11) iS SOIVC.d  by t])c ],ydrost?itic rc]i.it,ic~l]s}]i~j.  ‘J’lIC gI~C]i[qlt

of tfl]c dq)tll  avaagccl  })lcssurc al]olnaly  ( [jJ(z)d2/}1  : ]J(()) - ~~’(()), i.~., SCa  s i l l . f a C c !.
~)IcMurc  II]i))us tllc surfacx  value  of tllc  clq)tll  dcq~mldcIlt  ]>lmsuw  alIcMIlaly)  is diIniIlatccl

frcnI-]  tllc Ac,ulatioll  by taliil]g  tlJe curl of tile  dq)tll avcragd  lI]c)IIlcvltuIJl  cquatiml,

wllic.11  f l o w  is llorizw)tally  llc)llcli\~eIg,ellt. 11 OWCVCI.,  (N IC.C. all ~ )ror;l)ost  i c vari  ablcs  mc

Lilllc-stle.])])ccl,  t,llc!  Sm’f?dcc!  ])1’C!SSUIT  ~radk!llt  C a l l  1)(’ Cwlluatcc]  siI1c,c  a l l  Ot]JC!l” tc!rll”ls C)f

tl)e cquatia)s  of lllotiolj ,  iIl ])artic.ula  I tll]c  suIFdc.c  31-lc)IIlc.lltJ~~lIl  r.quaticnl,  arc liIIcnvII

including  tl]c tilnc-dm  ivativeso Surfac.c })NSSUIC is c.oln])utcd  by iuvmtillg  tllc gradimlt

o])c!l’at!ol’  u]) to aIl Ullkllm’11  C.(nlstal]t , wllic]) froIIl volul  JIC cxnlscn’aticnl  is ty]~ic.ally  Setl

to zcrc); viz., al KmIaly fIOIII g,lc)kil II IUIII.

‘] ’]IC! II”JC)C]C!]  SC!21 ]CW!]  (?/) CYiI1  tllCU!f(H’C  ]K! thoLl@  O f  ~.S ~ fUIIC.tiC)Il  Of t}l~  t]ll”W

dilncxlsimlal  II1OCICI  }woglmstic,  stak (tmn]m]aturc 2’; sali]]i{y S; zcMIal vdocity  [J; I1]ericl-

icnla] vdocity  V);

q ~ S(2’, S, U,v) (J)

whcm  fullc.ticni S clmlc)tcs t}~c sea lCVC1 talc.ulaticn] clcxrit.md  a]mve, NaIIJCly)  S stw]ds

fcn illtlc:gratillg  tl)c modcd for OIJC tilllc-stq) , diagnosing  surface  l)M.SSUIC.  gradimt,  ill-

vmt illg tllc .gadicnlt o}mrator, zmcl cxnnwtil  Ig pxwssurc to scm lewd.

Sca ]cvcl duc  to various as])ccts of t,llc  JJIOCIC1 call I)c cwiluatcd  Llsillg  this cliagllostic

al~;oritl]]n,  For Cxal]]]dc,  scm lm’cl  al]cnna]y duc tc) cl]a]]gcs  ill bamtrcq)ic  cim.ulatiml c.ml

be can] )Ut!cd by,

S(q’,x, (J*, -j ~], ~z},t -1 ~“) -- s(~’,~,~),~~) (2)
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Wllcrc tfl]c Ovcrlxir dcll(ltcs ii]l]C-lJ”lCall  :111(1 SUl)SCli])t  ld dCIl OtCS  I.)alotlc)])jc. aIjc)IIjalicx.

(Itllm al)mna]im  cm] }.m co]nl)utcxl  likcnvisc. N’otc hmvcwm that Imcausc tl}c gcnmlli)lg

equatimls  am llolllillc.ar,  tllc suln of dif~c.rel~i  allollmlics almut  t}le rcfcrc!llc, c IIIWIII do

not  str;c.t)y qual  tllc origi~]al  scm lm’cl. IImwwu, for the  allmnalicx  ill tl]c CXUJ-I])ICX

discussed IJc]c, tllc rclaticnl  is IImrly  lil]car.

IPillally, as ali illdcl)cu]dcl)t  ~)log,l)ostic  l’atial.)lc, I)amclil]ic \w.lc~city  l]as ]ittlc c.oll-

tril.)lltioll  to sea lcA a]lcnnaly.  llamclillic  velocity dilcc.tly  aflec.ts  scm ICVC1 Ctilcmlaticnl

t}lrouglI  t,}]c barotrq  )ic cquaticnl. Althoug]] lmroclil)ic velocity l]as ZCN vcltical ]nc:a]l

1 )y defi]litiolj,  tllc vcrtic. al ]IIcalJ of its square  (advcct  iol] tcrln) is I lot lle.c.c’.ssalily  mm.

1 lmvcwr, ill luac,ticx SUC1l cc)lltlil.)~ltic~ll  is slilall. ‘1’l~is of  c.oursc  does l)ot ]IICEIIJ that

tllme  is ]]0 ccnvclaticnl  l~ctweui  scxi ]cvcl  till(l  bamclil]ic  velocity; bmausc  of tl)c dcnni-

IItintj gmstrcq)llic.  l)alaIIcC t}jai mists, baroclillic  l’clocity  is c.cu]clatcd  to clmlsit,y cliallgcs

Wllic,]l ill t,UIIJ d~t,ellllillcs  Immclillic  l)l”CSS1lI’C.

l{cfcrcllccs

C]lao, >7. , M}d 1,.-1,. W, 199{), A colll]mriscnl  bctwcm)  tllc ‘I’ol’ILX/l’OSI’  jlI)[)N” data

tIIId a g lobs]  oc.caII gcIIcral cirmlatio]l  ]]iodd  duri]]g 1992-  1993,  JOCZ/NLa./  oj G’co-

p?IysiciLl  1(csc(L7c11,  1 0 0 ,  24,965 24,976,

15ubaIIks,  ‘1’. M., 1993. II]tcmctic)lls  bctwcm) tl]c atlllc)s])llcnc,  ocwa]]s  a]lcl crust,: ])c)ssil)l~

oc.cmlic signals  i~] cart]] rotatficnl, A(lVU?LCXS  i?l Space ]tCSCCdl, 13 (-I 1 ) , (1] )291-

(11 )300,”

Em, ‘J’ . ,  a]]cl C;. J,.  hjc.llor, 1994. (;cnltil)ucms ass;lnilatio])  of  Gcosat  altillmtm  data

illt~)  a till’CC-clilllCllsiC)llal ]H”il Iliti\’C  CCIUatiOll  ~J\df st]’~~111’l  ll-ldCl, t) O?l.?’?lCL/  0~ ]’}L~Sid

Ocmnqqa]dty, 24, 8 3 2 - 8 4 7 .

Vu, 1,.-1,,, aIIcl 1/.. A, l)aviclscm, 199[). A Ilc)tc cni tllc l.mmtm])ic. ms]mm c)f sca ICVCI to

till]e-cle]~c]]clcl]t wil)cl forcing,  JWI.TYLCL1 oj  (ico])hjysical  llcst:(iwh,  100, 24,955-24,963.

RI, 1,.-1,., aIId 1{. D. Smitjll,  1996. Glcjl.Ial  oc.caII c.irculatioli  fmll~  satellite altil]lctry  a]ld

IIigll-lcsc)llltic)ll  ccnll]mtcr  sillmlaticn],  (u))] mblisllccl lna]lusc.ri~)t).
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)) Cc])- S’(M l<csca?’”c}l,  20, 141-177.
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1 ‘ac.allmvski,  IL, K. 1 )ixcn],  and A, liosati,  1991. h40dllla1  oc.m]] h4c)clcl  lJscns’ Guiclc,

OCCMJ1 ~~l”cnll)  ‘1’(X]I. ]{C]).  t?, (;CC)l)]l~S. plllid  ])yII.  ],al)., ]’IiIlc.Ct,oll,  ~.J..
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]Illllatiol] of r ig id  lid lllodc]s.  IIll])licatiol)s  fm altil]lctric  data assilllilat,im)  studicx,

,Iourtml  oj MariItc  S@?/LS,  6, ] ()() ] ] g.

da Silva, A .  h4., ~. (;. You]]g, ti]ld S .  lxwitus, 1 9 9 4 ,  Atlas  of Surfac.C  h4arillc I)ata

19!)4,1~c)111111f:3: A1lc]lllt~lics  c)fll[:t~t;  111clh4c)111c11tL11  ]-ll~lllxcs,N()  AA Atlas  NhXl)lS

8. lJ.S. lkqA.  ~c)]I-]]I]cIcc,NO  AA, Nl; SllIS.

Slutz,  IL J., S. J. l,ubkm,  J. 1). IIisc.ox, S. 1). Wcmdmfl”,  1{. 1,. JCI1]IC, 1). 11, Jcm])l],  1’, hl,

Stmrm a]]d J ,  1), EIIIIS, 1985,  (; OAI)S,  ~c)lll])lcllcllsi\~e  [)ccal]-At,l)]osl)llclc I)ata

Se%,  I{ CICXMC  1. (~lilllatc  Rcmarc.1]  l’rograII], }’;ll\’ilc)lllllclltal  licxmrcl]  l,abcwatory,

IJoul(lcl’,  (;(),262])1).
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WillC1.)raIId, J., S. G. 11. l’llilaIldcr,  aIId 1{. C;. l’acal)owski,  1980. ‘1’lIc occal)ic. ICS])OIISC

k) ]aI’$;C-SC.dC!  ~{lllOS])]lC’l”iC  (]iStlll’})~lll  C.CS, .lll/?”?l(J/ Of ] ‘}l?J.$~C(ll  ~)CCff  ?lOj?’(1])/l?J,  ] (), q ] ] -

4’29.

Woodn]fl”, S. l)., 1{. J. Sh]tz, 1{. 1,. JCIIIIC, aIId 1’, 14. Stcu]c],  1<187.  A co]]] ]mJ]C]]sivC

occ{lll-  atlllc)sl)llcl”c  daia Set, l~ullcl.i~l  oi ill c A  I[lclicaIL  hlcicc~~olc~,qic:{ll  Smicfy,  G8,

1 ?39 1 ‘250.

‘J ‘:tb]C!S

l’latc!s

l’late  1: (~cx)gm])llic })attcml of re]ativc Sliill  o f  tllc IIlocld siIljulatio)l ill silnulati]lg

‘J’ol’EX/POS}U1)ON  ]l]cas~l~cII)c]]ts. ‘1’lIC values cwIII1mrc  tllc skill of tllc IIKKIC1

fidd at 12-lIm]ra]Icl  3-day il]tcmmls.  l’c)siti\’c\’  al~lCsil  )(lict\tclalg  clsl<ill  (c.1112)  with

the 12-lKmrly c.c)ll-l]>a]iscJIl,

l’latc2:  l\alc)tlc)])icsc  alcvcl\'  iilial.)ilit.y(c.  ll-l);it ])clic)clslc)ll  gcl(A):ll  )[lsllc)l  tc1(l])tll:ill

?.() clays, rqmctivcly. ‘J’llccc)l)tc)llls:  ileof.f/}1  (cc)xltc)~l~illte~val  10-7 (InS)- ‘). Also

SIIOWJ] ill (c) and  ())) arc c.olmcmcw  Imtfwtml bamtro])ic  sca level  al]d local wind

stmxs c.u]l at, ~xriods of 30-days al)cl lo-days, rm])cxtivcly. (k)llc!mlcc IWgc!l’  t!lla]l

0.3 is sigllific.alit  at tl)c 95% c.o]]ficlc]]cc  ICVCI.
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at 94 C’W7 9“S (askrisk)  mld tl~c.sal]]cai  c)tl]cllocatio]]s.” (k)]lC.I’C1)CC!  ]W~CI  thWJ 0.67(
(Yc]]W) is si~lJifiC~llt  tit tll~ ~b% COllfidCIJC.C  lWC]. l’ositiw: ])l]asc illclic.atcs ml lcml

at tl]c astmisk lcadi]lg.

l’]atc G: IJc])tli-i]ltcr,]atc.(1 wi]]d-drive]) available ]mtc]ltial  CH]crgy  (J/Inz);  (A) total,

(11) first  lm*ocli,,ic.  ,noclc, (C) scco],d l.,awcli*,ic  ,J,odc, (1 )) % of tot:,] duc to first

baroclil)ic  Jnode.

l’lii{~’i:  lJc]~tl]-i]~tcglt]tccl\  \i]Jcl-clli\  'c]lki]]ct  icc]]c1gy  (J/IJJ2);  ( A )  l.)zllc)tI()])ic,  (ll)fiIst

L a m e . l i l l i c .  lIIock,  (~) scxmld Iwoc.li]]ic lJIoclc,  (1))  % of total  due to l.)a]’otrq)ic  IIJ()(]C.

l~iguw ): M o d e ]  c.cmst]i]]cs  (tl]ick) HI](1 l)otto]]]  to])og,Iii~)lJy  (t}]i]]). [;c)]ltc)lllilltcxl~alf[~l

to]mgra])lly  is 1000 IJ1.

]Pigurc 2: h4cKlcl sca lcvd varial.)i]ity;  (a) Ioc)t-l]]c:ill-sc]ll:ilc  sca kw!l  [)VC’1  tllc two-

y(!~l’ SilJIU]~tioll;  (b) %illlc  :1s (~) ~)llt  tl lill(!iil”  kIJ(] S]lC)WII ill C.)  ]l$dS  ~K!C!ll  l“WKWd;

( d )  l,illci\lt  lcllclfc  ~lsa)J]elll  {)clelsill  ]lllatic)l]tis(  c)l)llt  folcCcl\\itlll  lellcll  J1zll1:~Ilcl

l{oscllsteiIJ  winds.  {!c)l]tcllllil  ltcli’:~lsztlt?  C.IIJ (a, b) allcl  5 C.lJ1/~CZII”  ( c . ,  c?).  Slladccl
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rogiwm indicate alwolutc.  v a l u e s  la]gm  tl]all 4 c.]]] ( a , 1)) a n d  :) c.111/yc!al’  (c, d ) .

Nq,atlivc  villuc.s  aIC cmltcmd Iq’ daslId  cllrvm ill c,) aII(l d ) .

l{’ig~lrc  3: Sl]a])c c)f lnmll  flqucl]cy  s})cCtl  n of sca lcvcd ill l’fili:tllce-])lCsel\~illg  forlll :is a

ftlllctiml of latitude. h4cm]Is  arc C.cnll])utcd  I)y avcnagil]g  s]wctra  Y{o]lally  ]Ioxlnaliz{ccl

by total c~lcngy at cac]l loc.atiolj; tllcl’cforc”  t!l)(!  figul’c!  S n o w s  tll(! avcl’q,c  S}]apc!  C)f tll(!

s]mctl  a. {hitoul i]]tcrval  is 10-4 wit}] WIIIICS  I: II:CI tlla]l 2 x 1  ( )-  4  slIadcd. lJIIit,s

RI’C aIl )it, rary.

l’igurc  L: k’]cqucl)cy sl)cc,tla (variallcc ])rcscm’il]~,)  of tide. ~a[l~e IC.COIXIS (thick) colIl-

l);IIC(I wit]] tl]c IIIC)(lCI miui~mlcllt (tllili); (A) I)icgo (Jalcia  (72.401’;, 7,3°S), (1]) ]fcI-

~, UCICII  lsla~ld (70.’2°1<1, 49.4° S), S]wrtla ale c.cnn])utcd flol]) daily  tide-~;augc rmcmds

Wit]]  ~lt]l’los})]lClic  ]U’~ss~l]’C  CO1’K!CtiC)]l  tl$slllllill~ t]l C illVC1’sC bal’OIIIC!tC1.  ‘J’]l C l)CFlk  iIJ

t]IC tide gallgc xccorcl  at (A) IICaI  0,07 c})d is tl]c f{)ltllip,l)tly ticlc.

1(’i~:urc 6: h40clcJ’s sliill ill silIJlll[itil)g ‘J’OI’II;X/ l’OSRll)ON  ]]lc:]s~l]cl]~cllts. ‘J’l]c tlli]]

curve  sl]ows tllc alncmllt  of data vt~liallcc (clllz ) m])laillcd  by tl]c ]Jloclcl  as a fullc.ttiol)

of tilnc.  Also SIIOMV1 (tl]ic.k curve) is tllc J cltitivc  skill of this  12-lIcnlrly  cx)lll]mrisol]

ovm a tfllree day c.cnlll)arisoll.

l’igum  7: Scm level  varial)ility  (CIII) as a ful)ctiml of fcncillg. ‘J’lle t]]t”m fi~[ll”CS C.OITCS~KJ1ld

toscm ]cvcl cliallgc  clllctc)l  lc<~tillgallcl  cocdi]lg (a) iili[l~t~ill(lstlcss (b), alldtllclatio

(],c*c.c*~tagc)c,ft l,e.fc,~,,]c]\ali  al,cetc,tl]a  tc,ft}~ctc,  t~,l(c), ~c,l,tc,llli,,t,cl\alsarc

1 cljl, 2 clIl, al)cl 20%, lcs})cctivcly. S])adcd l[!g,icn)s dcvlotc’  a r ea s  wit]) scm lCVC1

sta))dard dcwiatim] ]a]~,cn  t]]all 4  c]]] (a a]]cl b) aIId [11(~~] ( c . ) .  ‘J’l Ic total SCM ]CWC]

variability is sllow]l ill lrip;urc 2?1).

}~’igurc 8: St,aIlclaId  clcvi:~timi  of C;OAIJS llmt f lux  (W/In2). C;c)Iltc)~lIil)teI\~~lls  arc ]()

(W/m2 ) for dmrt Vavc (a) a,ld latc,lt }l[!at fluxc!s (1)), 5 (W/In2) for long Ma,e a,,cl

smlsib]c llc:lt  fluxes, WI(I 20 (W/H12)  for tllc lJC!t  II(!at flux. SIItidd lcgiwls  dcllote

al’ca IW”gc]” tl)al) 50 (W/1112).
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]“i~,urc ~: ‘J’lIcrIIIal  CX]XIIISiOII  c.oC!f]icimJt  at, ilJc  Sul’facw (] (]- 4  C.IJ13/o~:)  ( a )  2Jl Jd II Ia~;-

IIitlldc o f  stclic sm lcvd c.lI;lllgC  cstil]lakcl flol)) l]ct IIeat flllx Valial)ility (CJJ”J) ( l ) ) .

hJtOUI”  ilJk’1’V~]S EtI’C O.h x  10”4 cJ1J3/c’ (ii) tl]ld ] CIII (b)> ]’Cs]JWtiVC]~.  s]l~dd  ~T’Ctl

iII (1.)) coIJcs]mId  to rcgim]s  l:IqI,m  tl]a]l 4 c]]]  as jll F’jgurc 7 .

]~i~,IIIc 1 (): ~k)ll)])arisol)  of t]IC cfI~Ic~s  of ])eiltil]g/ccJc)]jl)g :UJd wind 011 sca lCVC1  c.] J:tIJgc!;

(A) A\Tc,agc  s] JaIK! of’g]oha]  frm],lcl]cy s])cc.ira lIO*,)-Jali2W~  hy tc~ia] sca ]CWC]  \,arja],ce.

ill CllCT~,~  ]WCSC!l”VjlJ~  f[)l 111. (] ~) ] ‘CKCIl@C  Of ]JCatill{{  ;Ill(i COO]ill~ Cf]’CC.tS  Cl]] S.C!?I lC’VC!]

at, t!llc  allllllal ]K!l’iocl. bltour  illtm’al  ill (11) is 20(% Wit]l  l’C~,i(HJS lal’~,cl”  t] JZlll 50%

](’igllI’C  ] !?: \~7jl)(l  dl”iVCIl  sc!zJ  ]c’v(!]  dl{lllg~  as H flllJdiOll  O f  dyll:llJljC.  lJIOC]C!;  ( A )  bZ1l-OtI’C)])jC.

II)oclc, (Ii) Immcljl,ic ,I)odc:, (C) ]wcc,,tasc  c~f (1~) to tot:,] wil]d drjvm, v a r i a b i l i t y .

AvcragI;c frc(luel}cy s])cct,lti  o f  tllc  t w o  co)I)])ollcllts  a r c  sllowIJ  ilJ (1))  iI1 variance

]) N! SCI’Vill:;  fO1’lJJ  1JOllJl~li7/C(]  ])~ t]lC ‘tOt~l]  WJ1’i211JC.  C. (hltmll  il)tc!l”va]s  aw ~ ClJ”] (A,

11) aIId MYo (C). SIIadCd  rcgiw]s  dcl]otc WIIUCS  larger  tl]a]l  4 on (A, 11) (as ill 1+’igllm

~) tll Jd bo% (~;). AstC1islis dC]]otd ‘(~~7°  al)d ‘(]]’) ill (A)  am ill t]lc! local  ll”laxilnl.111)

of sea lewd valial~iliiy  and ale fultl)er Cxal)]illccl  ill Scctim) 3.5.

l’i~,urc 13: Varial]cw  (A) aIJcl  fqllc]]cy s~xdra  of wi]Jd  s t r e s s  c u r l . hlhll)’  illtCI’V?J]  iS

t? x 10-4  i]} ( A )  wit]) rcgiolls  largm tlIa II 2 x  1 (1- 4  slladd ill gray. ‘J1lIC  frcx~ucn[cy

S])cc,tl’a is ill CVJC1’F!’  ])rcsclvil~g  for]]] and C.ol’r(!s])oll(ls  to avcl”a~;cs  ~)dWCCJJ  N)0sfiJ4(los

(tl]j]))  aIld 0°W200N  (tllic.k).

Ipigu]c 14: ~1)/~l:tctclistics  of })lal]ctaly  wavm lmolvcxl  I)y tllc lJ]oclcl;  h4i1]i11Ju111 ~)miocl

( c l a s s )  tl]at  can k wmlvd  fo] first  l.mroc.li]]ic  (A) a,lcl barotro]~ic  (11)  I{ OSSI.W waws.. .

~’otal variallcx!  of wind  s t r e s s  cur] Wit]lill  t]w ]Kv’iod  C)f ( A )  slid  (];) aI”C S])CNWJ ill

({~) ~,lld (])), lCs]KXtiVCl~.  @ltOUl iTltC1\W]S  ZJK! ]()() d[lJW, ~ daJW, ~ )( ]()- ‘3 , ]()- ‘] ,

lcsl)cc.tivdy.  S] JZld(!d  I“CF;iolls  aI”c laIgcI”  tllfill  w) days, 3 days,  ‘2 x 1 ()- ] ~, and 1 ()- ]]

lw])ec.tivdy.
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(i(J@S)  (tllicl;) aIId  (10801’;,  53° S) (tl]i]l), ill tlIC  llel]illp,slla~~sclj  Ahyssal  ]’laill a]lcl  o]]

tl)e lnid  IIldial) OC.C;I]I 1{.idgq Ms]wc.tive]y.

]Jigurc ] (i: \Ta]iabi]ity  (CIJI) o f  wind  dxivol l)amc.]i)lic  SNa ]cwd  flllct~la{iolls:  ( A )  a]l]lual

])cjiod; (1{) 10 to I ()() clay ]wriod. (; OlltOU1’ il]tcrwlls  ale ‘ 2  a]]d O.:) CIII wil]l  l~gim)s

largcn’ t}JalI  4  ;IIId 1 CIII slIadd ill gray, ws]wctivcly,

l~i~,urf!  I ‘ I ’ :  SCFi ICVC1 varial.)ility  (c.]])) duc to wind dlivml fi]st  ( A )  a]lcl scxxn]d (13)

baloc]il~ic.  ]noc]m.  Also s])o}\’JJ iJl (~) is t]le ratio of (A) to (]1). (k)]]t,ollr  illt,~rva]s

a]c 2 CJJ) (A), 1 ml] (11), IIIICI 0.5 (C;). l(cgimls laIgcr  tl}all 4 ml] aIC slla(lcd i]] ( A )

Iil]cl  (11) as ill }~ig~llc  j?, 2111(1 (),7{) for (C;).

}’igurc  18: liclativc IIlar,l]ituclc of wind folcil)~,  fm tl]c fi]st (A) a])d SCC.OI]C1 (11) Laloc.lil)ic.
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